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@ Background of LI GA process.

@® Examplesof LIGA fabricated micromachine
parts.

@® Material studiesin LIGA:

—Resear ch on the development of PMMA resists
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Development and Electroplating
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Molding
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L1GA vs. S micro-lithography
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L1 GA Advantages

Provides unique dimensions for microdevices:

eFabricates devices of various materials:

Metal, alloy metal

Polymers, bio-compatible polymers
Resins with special optical properties
High temperature ceramics

Molding process provides possibility of simple
mass production.

Limits
Assembly




L1 GA Activitiesin California

SSRL ALS
(Stanford) (LBNL)




L1GA Applications- Chemical Sensor
Miniaturization

Mass Spectrometer (JPL/SNL), Micro Electrochromatography
for 1-300 AMU detection. (SNL), 360 pum capillary tubein
a 360+ 1.5 um hole, 2.3 mm deep.




Micro Electrochromatography

Micro-capillary tubes

0.D. =360 um
|.D. =78 um
oradient injection

M icro-channel
W= 78 um
H =80 pum

gradient+injection

reaction + injection




Size 5 Stepper - Stator (LBNL/SNL)
Step Size 1.8 Degree, Ni/Fe Alloy
Requiresvery vertical sidewall and high precision




L1GA Applications -
High Precision Micro Devices
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Solar Grid (JPL/SNL), 16 um wide, 1mm tall gold grids.
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Material |ssuesin LIGA Fabrication

® LIGA mask fabrication;
® PMMA development asfunctions of exposure;
® PMMA attachment to metals,

@ Plating in high aspect ratio deep channels, plating of
different metals and alloys;

® Molding;

@® Material characterization, tolerance, mechanical
property measurements.




What Controls Development Rate ?

L

Exposure Development Some Other Factors:

PMMA properties
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Approach to Produce Development Curves
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ExXposure

Exposure
f(t) - Thickness of PMMA dissolved with time




Experimental Set-up




A

PM M A Dissolved Thicknessvs. Time

= -0.67392 + 0.65208l0g(x) R= 0.9945

50 100 150 200 250 300 350 400
Time (min)

Dissolved = f(t) = -a + blog(t)
df/dt = blog(e)/t

Development Rate(f) = blog(e)/[10(+a)/b] l




Development Curvesfrom 3 Exposures
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Development curve can be obtained with single exposure.
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| ® GFPMMA-cq

H ® GFPMMA-not cq
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GFPMMA-cq has ssimilar development curve as Plex-G.




SNL Compression/Tenslle Testing Parts
600 um wide (middle), Imm thick




SNL/UCB/LBNL Tolerance Test

$8ee ) =
oundness
O O O O Angularity

YVeounmeosY Concentricity

@le|n|®]v]~ Dimensional Accuracy

Aspect Ratio
oleuislv]-




Summary

® We have made many advancesin L1 GA material
and process development, such asPMMA
development, plating, etc.

1 @ Through collaborationswith UCB, LBNL, JPL,
we have successfully fabricated micromachine
partsfor avariety of applications.
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